tris(hydroxy-methyl)aminomethane (pH 7.2, 280 mOsm). Biocytin (0.5%) was added to the 114 intracellular solution when studying the morphology of recorded cells or correlating 115 electroresponsive properties with PKCδ expression. The liquid junction potential was 10 mV with 116 this solution and the membrane potential was corrected accordingly. Current-clamp recordings were 117 obtained with an Axoclamp 2B amplifier and digitized at 10 kHz with a Digidata 1200 interface 118 (Axon Instruments, Foster City, CA) . 119
To characterize the electroresponsive properties of recorded cells, a graded series of 120 depolarizing and hyperpolarizing current pulses (20 pA steps, 500 ms in duration) was applied from 121 rest and other pre-pulse potentials. The input resistance (R in ) of the cells was estimated in the linear 122 portion of current-voltage plots. 123
To activate LA inputs to CeL, two closely spaced (100 µm) stimulating electrodes were 124 positioned in LA. To minimize variability between experiments, we always selected the same 125 coronal level (corresponding to ≈2.7 mm posterior to bregma) and positioned the stimulating 126 electrodes at the same site (0.3 mm medial to the external capsule, and 0.7 mm ventral to the dorsal 127 tip of LA). In some experiments, we tested the effects of various drugs on LA-evoked responses. 128
These included the NMDA receptor antagonist 2-amino-5-phosphonopentanoic acid (AP5; 100 129 µM), the non-NMDA glutamate receptor antagonist 6-cyano-7-nitroquinoxaline-2,3-dione (CNQX, 130 20 µM), and the GABA-A blocker picrotoxin (100 µM). All drugs were obtained from Sigma 131 (Sigma, St. Louis MO). 132
133

Biocytin revelation for morphological identification of recorded cells 134
Depending on the experiment, biocytin was revealed in one of two ways: diaminobenzidine 135 (DAB) to study the morphology of CeL cells and fluorescent streptavidin to determine whether 136 recorded cells expressed PKCδ. The rationale for using different biocytin revelation methods when 137 studying neuronal morphology vs. PKCδ expression is the following. In other cell types, we have 138 observed that the prolonged recording times that are optimal to fully reveal the dendritic arbors and 139
axons of recorded cells are incompatible with immunohistochemistry. It appears that with 140 prolonged recording times, equilibration between the pipette solution and the cells' interior leads to 141 a reduction in antigen levels, typically resulting in lack of immunoreactivity. Also, our experience 142 in other cell types has revealed that even when recording times are kept short, the DAB reaction 143 product interferes with the immunoreaction and/or visualization of the second chromogen. This is 144 why we opted to study (a) PKCδ expression with streptavidin, keeping the recording times short, 145 and (b) dendritic/axonal morphology with longer recording times. In the latter case, we could have 146 used fluorescent streptavidin or DAB to reveal the biocytin, but we find that the long-term stability 147 of the DAB reaction product (relative to fluorescent streptavidin) is more convenient and thus used 148 this approach to study neuronal morphology. 149
We first describe the approach used to reveal the morphology of recorded cells. At the 150 conclusion of the recordings, the slices were removed from the chamber and fixed for 1 to 3 days in 151 0.1 M phosphate buffer saline (pH 7.4) containing 4% paraformaldehyde. Slices were then 152 embedded in agar (3%) and sectioned on a vibrating microtome at a thickness of 100 µm. Unless 153 noted otherwise, all histological processing was carried out at room temperature. Sections were 154 washed several times in phosphate buffer (PB, 0.1 M, pH 7.4) and then transferred to a H 2 O 2 155 solution (0.5%) in PB for 15 min. After numerous washes in PB, sections were incubated for 12 h in 156 a solution containing 0.5% triton, plus 1% of solutions A and B of an ABC kit (Vector, Burlingame, 157 CA) in PB. The next day, they were washed in PB (5 x 10 min). Biocytin was visualized by 158 incubating the sections in a 0.1 M PB solution that contained DAB tetrahydrochloride (0.05%, 159 Sigma), 2.5mM nickel ammonium sulfate (Fisher) and H 2 O 2 (0.003%) for 5-10 min. Then, the 160 sections were washed in PB (5 X 10 min), mounted on gelatin-coated slides, and air-dried. The 161 sections were then counterstained with cresyl violet and coverslipped with permount for later 162 reconstruction. 163
The morphology of recorded cells was reconstructed using all available sections (typically 164 three). Camera lucida drawings of all labeled segments were performed. The labeling found in 165 different sections was aligned using blood vessels present on consecutive sections and by using the 166 matching position of the ends of multiple dendritic and/or axonal segments present in different 167 sections. The cresyl violet staining was used to identify the outline and border of CeL and CeM. A 168 micrometric graticule inserted in one of the eyepieces of the microscope was used to measure the 169 soma, dendrites, and axons of the cells. 170
171
Biocytin revelation combined with PKCδ immunohistochemistry 172
The polyclonal antibody we used was produced in rabbits and directed against a synthetic 173 peptide (SFVNPKYEQFLE) corresponding to amino acids 662-673 of rat PKCδ conjugated to 174 bovine serum albumin (BSA). It was obtained from EMD Millipore Corporation (Billerica, MA, 175 USA, catalog # 539532). The EMD Millipore website mentions that cross-reactivity with a variety 176 of other molecules (including many other PKC isoforms) was tested using ELISA and found to be 177 negligible. In rat, this antibody produced a pattern of amygdala immunostaining identical to that 178 seen in previous mouse studies (Haubensak et. al., 2010) . Moreover, we verified that pre-179 incubation of the antibody with the control peptide (1:1000 diluted antibody solution and 0.1 180 mg/mL control peptide) abolished all immunolabeling in the amygdala. 181
The fixation and sectioning procedures were as above. The sections were washed repeatedly 182 in PB, pre-incubated for one hour in a blocking solution (1% normal goat serum, 3% BSA, Triton-183 X100, 0.3%), and incubated overnight at 4 o C with the PKCδ antibody from EMD Millipore (1:500, 184 in the blocking solution described above). Then, the sections were washed repeatedly in PB and 185 incubated in the secondary antibody solution (1:1000, Invitrogen, Carlsbad, CA) conjugated with 186 Alexa 488 for 1 hour. After repeated washes in PB, the sections were incubated with Alexa 594-187 conjugated streptavidin (1:100000, Invitrogen) for two hours. Finally, the sections were washed in 188 PB (5 X 10 min), mounted on gelatin-coated slides, and coverslipped using fluoromount Aldrich, St. Louis, MO). 190
191
Behavior 192 In some experiments, rats were subjected to a classical fear conditioning paradigm, 24 hours 193 prior to the in vitro experiments. Three groups of rats were used in these experiments. We first 194 describe the conditioning apparatus and then explain how these three groups differed. We used 195 conditioning chambers (Coulbourn Instruments, Allentown, PA) with metal grid floors and 196
Plexiglas walls. All rats were first habituated to the conditioning chamber and the tone CS (30 sec, 4 197 kHz, 80 dB, presented 5 times). Then, the experimental group ("FC group") was subjected to an 198 auditory fear conditioning protocol that consisted of 5 presentations of the CS, each co-terminating 199 with a foot-shock unconditioned stimulus (US; 0.5 mA, 1 s). After habituation, the second group of 200 rats ("CS-Only group") received five additional presentations of the CS alone whereas the third 201 group of rats ("US-Only group") received 5 presentations of the US alone. The investigator was 202 blind to the group identity of the rats during the in vitro experiment. To achieve this, a number of 203 rats were subjected to the same three behavioral training procedures described above but not used 204 for physiological experiments. An individual (otherwise not involved with the present experiments) 205 randomly picked one of two rats to be used for physiological experiments. The remaining rat was 206 presented with one tone CS later the same day. The behavioral data described in the results section 207 was obtained from these rats. The rats used for the physiological experiments were not presented 208 with the CS the day after conditioning. 209
RESULTS
212
Relationship between electroresponsive properties and PKCδ expression in CeL neurons 213
Based on variations in the temporal dynamics of current-evoked spiking, previous patch 214 recording studies identified three main cell types in CeL: regular spiking (RS; Fig. 1A1 ), low-215 threshold bursting (LTB, Fig. 1A2 ), and late-firing (LF, Fig. 1A3 ). However, marked species 216 differences were observed in the relative incidence of these cell types. In guinea pigs (Martina et al. The results of the present study in rats are consistent with the above: only 12.1% of CeL 224 neurons were of the LF type (or 21 of 173) whereas RS and LTB cells respectively accounted for 225 54.3% (or 94 of 173) and 33.5% (or 58 of 173) of our sample. We ran analyses of variance 226 (ANOVAs) to determine whether the physiological properties (see Table 1 ) of the three cell types 227
varied. This revealed significant group differences in time constant, spike threshold, and membrane 228 potential (see F and p values in Table 1 ). Post-hoc t-tests with significance thresholds corrected for 229 multiple comparisons revealed that the time constant of LF cells was significantly lower than that of 230 RS and LTB cells (p = 0.001) with no differences between the latter two. Presumably, the 231 expression of a d-like K + current by LF cells underlies this effect. In addition, spike threshold was 232 significantly more negative in LTB than RS or LF cells (p = 0.0001), likely resulting from the 233 contribution of a t conductance in LTB cells. Last, the differences in resting membrane potentials, 234 although significant (LF≈RS<LTB), were very small and will not be considered further. Note that 235 due to the low incidence of LF cells in rats (12.1%), the remainder of this study focuses on LTB and 236
RS neurons. 237
Since in mice, PKCδ is prevalently expressed by LF cells, the rarity of LF cells in rats raises 238 the question of whether the incidence of PKCδ-expressing CeL cells is lower in rats or whether 
Morphological correlates of electroresponsive properties 250
In different samples of RS (n = 16) and LTB (n = 10) neurons, biocytin was revealed with 251 DAB and their morphological properties were examined (Figs. 2,3 ). RS and LTB neurons were 252 similar in most respects (see Table 2 ). All recovered cells had a medium-size soma and moderately 253 to highly branched dendritic trees. In addition, most RS (69%) and LTB (80%) cells displayed a 254 high density of dendritic spines ( Fig. 2D ) but some had a markedly lower spine density ( Fig.  255 2A2,3). Last, when the axons of RS or LTB cells could be seen, they invariably bore numerous 256 axonal varicosities (Fig. 2B2,C) . 257
However, RS and LTB neurons differed in two respects. First, despite conspicuous 258 variations within each cell type, the number of primary dendrites was significantly higher in RS 259 than in LTB neurons (Mann-Whitney U test, p = 0.016; Table 2 suggests that the quality of the biocytin labeling was not inferior in RS cells compared to LTB 264 neurons. Moreover, there were no significant differences between the average length of RS vs. LTB 265 axons (RS: 750 ± 149 µm; LTB, 752 ± 117 µm) or in the distance between the somata of the two 266 cell types from the CeL/CeM border (RS: 282 ± 24 µm; LTB, 275 ± 25 µm). 267
The axon of many RS cells was similar to the case depicted in figure 3A3a: a short axonal 268 segment that exited the plane of the slice very close to the parent soma. When the axon of RS cells 269 arborized within the plane of the slice (Fig. 3A1,A2,A3b) , all contributed varicose axons that 270 branched in CeL with a few continuing dorsally to the sublenticular region (Fig. 3A1) . RS cells 271 with axons reaching CeM, as in the case depicted in figure 3A3b, were rare. We were concerned 272 that differences in the orientation of RS and LTB axons might explain the apparent scarcity of CeM 273 projections in RS cells. For instance, it is conceivable that prior to turning toward CeM, the axon of 274 RS cells course rostrally or caudally, in which case, we would erroneously conclude that they lack 275 projections to CeM. This led us to record an additional group of 4 RS cells in horizontal slices. 276
However, the proportion of CeM projecting RS cells was not higher in this sample; only one of 277 them contributed an axon collateral to CeM. 278
While these results suggest that LTB neurons form stronger connections with CeM than RS 279 cells, these result should be interpreted cautiously because another possibility, namely that the axon 280 of RS cells reaches CeM after coursing through the stria terminalis, cannot be excluded at this time. experiments. It should be noted that all tested cells were responsive to LA stimuli and that all were 299 included in the analyses provided below. 300
As shown in figure 4A , LA-evoked EPSPs had similar amplitudes in RS and LTB cells (F = 301 0.56, p = 0.46). Since the latter part of LA-evoked EPSPs is presumably contaminated by IPSPs, we 302 also compared EPSP rising slopes (first 2 ms following response onset). However, this approach 303 also failed to reveal significant differences between RS and LTB neurons (t-test, p = 0.77). To 304 determine whether the initial part LA-evoked EPSPs is contaminated by IPSPs, we also compared 305 EPSP rising slopes before vs. after application of picrotoxin (n = 5) but observed no significant 306 effect (paired t-test, p = 0.25). Therefore, these results suggest that LA axons form similar 307 connections with CeL neurons expressing different intrinsic electroresponsive properties. subsequent expression of conditioned fear. These findings were interpreted as evidence that CeL is 336 a critical site of synaptic plasticity for CS-US associations. However, the nature of this plasticity 337 remains unclear. Since LA inputs to CeL constitute a likely candidate, we sought to determine 338 whether fear conditioning alters their impact. To this end, rats were randomly assigned to one of 339 three groups. All rats were first habituated to the training context and tone CS. Then, they received 340 either five presentations of the CS alone (Tone-only Group, n = 12), of the US alone (Shock-Only 341 group, n = 11) or of the CS and US (FC-Group, n = 17), the two co-terminating. The next day, the 342 rats were deeply anesthetized, their brain extracted, and coronal sections of the amygdala prepared 343 as in the previous experiments. 344 Figure 5A shows the behavior of the three rat groups. These rats were not used for 345 physiological experiments but ran through the behavioral protocol to ensure the investigator was 346 blind to the group identity of the experimental subjects. However, they were subjected to the exact 347 same behavioral protocols with the exception that they received an additional CS presentation the 348 day after fear conditioning (see detail in Methods). Expectedly, significant group differences in 349 percent time spent freezing to the CS were seen on day 1 (F = 44.46, p<0.0001) and 2 (F = 13.77, p 350 = 0.0003). On day 1, rats belonging to the FC and shock only groups displayed higher freezing 351 levels than the tone only group (t-test, p<0.0001 for FC vs. tone and shock vs. tone). On day 2, the 352 FC rats had significantly higher freezing levels than both groups (t-test, p<0.0001 for FC vs. tone, p 353 = 0.014 for FC vs. shock). 354
Using the same methods and testing conditions as above for naïve animals (Fig. 4) were also obtained when we compared the rising slope of LA-evoked EPSPs. 361
Because we were concerned that potential group differences in LA-evoked EPSPs might 362 have been obscured by training-induced changes in the passive properties of CeL neurons, we next 363 compared the membrane potential, time constant, and input resistance of RS and LTB neurons in 364 the three groups. ANOVAs revealed no significant group differences in the resting potential and 365 time constant of both cell types (p ≥ 0.18). However, there were significant group differences in the 366 input resistance of LTB cells (F = 10.55, p = 0.0003). Post-hoc t-tests corrected for multiple 367 comparisons revealed that the input resistance of LTB cells in the tone only group (371.9 ± 21.6 368 MΩ) was significantly lower (t-test, p = 0.001) that in the shock-only group (565 ± 35.5 MΩ) but 369 not the FC group (423 ± 33.9 MΩ). The ANOVA on the input resistance of RS cells narrowly 370 missed significance (F = 2.21, p = 0.12). In these cells, the trend was for the input resistance of the 371 FC group (366.8 ± 22.9 M) to be lower than in the shock-only (438.1 ± 30.5) and tone-only (410.2 ± 372 20.8 MΩ) groups. 373 Therefore, to minimize the impact of these group differences in input resistance, we 374 normalized the amplitude of LA-evoked EPSPs and IPSPs to the average input resistance of the 375 tone only group. This normalization was carried out for RS and LTB neurons separately. 
Contrasting morphological properties and synaptic responsiveness of RS and LTB neurons 432
In previous studies in mice, it was found that both CeL-On and -Off neurons project to CeM 433 (Ciocchi et al. 2010 , Haubensak et al. 2010 ). While we also found some CeM-projecting cells 434 among rat RS and LTB neurons, this was seen much more frequently in LTB cells. LTB neurons 435 also differed from RS cells in that they displayed fewer primary dendrites. Yet, LA- (Amano et al. 2010 ), the present results should be interpreted with caution. They do not 453 necessarily imply that LA synapses onto CeL neurons do not undergo plasticity as a result of fear 454 conditioning. Indeed, it is conceivable that the plastic properties of LA inputs vary depending on the 455 type of CeL cells they contact. Although we separately considered RS and LTB neurons here, it is 456 possible that physiological properties are not the relevant dimension. It could be that plasticity of 457 LA synapses varies with PKCδ expression profile, presence vs. absence of CeM projections, or yet 458 another unidentified property. Alternatively, it could be that LA synapses onto CeL neurons truly 459
are not a site of plasticity in fear conditioning or that other properties than those examined here 460
were modified. 
